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A B S T R A C T  
The system descr ibed has been b u i l t  f o r  incorporat ion 
i n t o  a s o l a r  f lare  X-ray instrument due t o  be o r b i t e d  
as one o f  a number o f  instruments  on t h e  NASA Sola r  
Maximum Mission (SMM) satel l i te  i n  l a t e  1979. It en- 
a b l e s  t h e  instrument t o  be r o t a t e d  about 2 mutually 
perpendicular  axes m 5  arcsecond s t e p s  wi th in  a range 
of  7 arcminutes,  t hus  g iv ing  t h e  instrument t h e  capa- 
b i l i t y  t o  map areas of  t h e  sun. 
INTRODUCTION 
The instrument f o r  which t h e  system w a s  designed i s  a seven channel 
F l a t  C rys t a l  Spectrometer (FCS) (Figure 11, and is  t h e  r e s u l t  of a 
co l l abora t ion  between t h e  Appleton Laboratory (Astrophysics Research Division, 
Culham) U.K. ,  Mullard Space Science Laboratory U . K . ,  and Lockheed Missiles 
and Space Corporation U.S. 
Although t h e  spacecraf t  has  the  c a p a b i l i t y  t o  po in t  a t  a f la re  region 
on t h e  s o l a r  d i s c ,  t h e  m u l t i p l i c i t y  o f  instruments on board implies  t h a t  
mapping requirements be met by ind iv idua l  r a s t e r  systems. 
c o n s t r a i n t s  i n  terms o f  mass and accommodation l e d  us  t o  choose a " f la t  
pack" raster platform f o r  t h i s  X-ray instrument .  
upon conduction t r a n s f e r  ( v i r t u a l l y  a l l  hea t  generated or absorbed has  t o  
be r ad ia t ed  t o  t h e  spacecraf t  w a l l )  l e d  t o  t h e  s e l e c t i o n  o f  a low power 
r a s t e r  system which could maintain i t s  poin t ing  i n  t h e  unpowered mode. 
Spacecraf t  
S imi l a r ly  a c o n s t r a i n t  
It i s  an t i c ipa t ed  t h a t  misalignment between instrument and spacecraf t  
due t o  launch fo rces  could be about 1 arcminute. 
t h e  system i s  designed t o  encompass any such misalignment. 
The opera t ing  range o f  
Although o r i g i n a l l y  conceived as a modular design,  instrument and 
spacecraf t  needs ( p a r t i c u l a r l y  t h e  minimum n a t u r a l  frequency requirement of 




E s s e n t i a l l y  t h e  raster system c o n s i s t s  of a two-axis flex p ivot  dr iven 
by a cam mechanism via an a r m .  
(Figure 2) can be broken down i n t o  f i v e  areas: 
For t h e  purposes of descr ip t ion  t h e  system 
1) Two a x i s  p ivot  
2) Raster d r ive  
3)  Pos i t ion  readout 
4) Launch locks 
5 )  Wiring 
TWO AXIS PIVOT SYSTEM 
The 5 arcsecond s t e p  requirement and the  mass of  t h e  instrument l e d  us  
t o  consider t h a t  t h e  v ib ra t ion  environment could l ead  t o  problems o f  
b r i n e l l i n g  and torque noise  with r o l l e r  bear ings,  thus  the  f r i c t i o n l e s s  f l e x  
pivot  system w a s  se lec ted .  
A compact two-axis gimbal platform 9 c m  t a l l  w a s  designed around f o u r  
standard 2.54 c m  diameter e l ec t ron  beam welded f l e x  p ivots .  
adopt2d is shown i n  f i g u r e  3 .  Each a x i s  is formed by a p a i r  o f  p ivo t s  with 
t h e i r  inner  s leeves  clamped i n  a common yoke. 
a x i s  p a i r  are clamped t o  t h e  instrument base p l a t e  and the  outer  s leeves  of 
the  Y a x i s  p a i r  t o  t h e  main instrument support s t ruc tu re .  
The arrangement 
The ou te r  s leeves of  t h e  Z 
Even though t h e  raster system is  la tched  down f o r  launch it is estimated 
t h a t  t he  p ivo t  w i l l  s t i l l  ca r ry  some 30% of  t h e  load.  
t h i s  demaEd and have an i n b u i l t  f l e x i b i l i t y  which can t o l e r a t e  s t r u c t u r a l  
movements during launch. 
These u n i t s  can meet 
Flex p i v o t s  can be used up t o  some 7O without s i g n i f i c a n t  cen t r e  a x i s  
s h i f t  so t h i s  appl ica t ion  r equ i r ing  only 0.5O r o t a t i o n  i s  comfortably within 
the  margin. 
RASTER DRIVE 
The d r ive  p a r t  of t h e  system is  based upon two separate  cam u n i t s  (one 
f o r  each a x i s ?  with an add i t iona l  p a i r  f i t t e d  f o r  redundancy. 
on r o l l e r  followers,  f l e x i b l y  at tached t o  t h e  r a s t e r  a r m  ( f i g u r e  4 ) .  
These operate  
The motors are 200 s teps / rev .  devices with 2 cen t r e  tapped windings 
driven i n  s ing le  phase mode so t h a t  powered and unpowered r o t o r  pos i t i ons  
coincide.  
with high de ten t  torque t o  r e s i s t  angular displacement i n  t h e  unpowered s t a t e .  
They are of  double ended s h a f t  configurat ion and were spec i f ied  
A cam i s  f i t t e d  t o  the  forward end of  each motor and an absolute  200 
pos i t ion l rev .  s h a f t  angle encoder t o  t h e  o the r .  The cam p r o f i l e  is such t h a t  
1 motor s t e p  w i l l  cause the  instrument t o  move by 5 arcseconds. 
c i r c u i t r y  contains  a r e - t r igge rab le  one-shot mul t iv ibra tor  which ensures t h a t  
60 mill iseconds after t h e  last  clock pulse,power is  removed from t h e  motor. 
The dr ive  
I n  order  t o  minimise power consumption a l l  c i r c u i t r y ,  with t h e  exception 
of t h e  motor power d r i v e r s ,  w a s  b u i l t  us ing CMOS. The power d i s s i p a t i o n  with 
no motors running i s  about 140 mW. 
Mechanism 
The d r i v e  p r i n c i p l e  i s  shown i n  Figure 5.  Both d r ive  u n i t s  (Z and Y >  
are anchored t o  t h e  base p l a t e  and are so arranged t h a t  each d r i v e  u n i t  wha 
opera t ing  u t i l i s e s  t h e  o the r  as a s l i d e  f o r  t he  r a s t e r  a r m .  The p r i n c i p l e  i s  
t h a t  only one a x i s  ( Z  f o r  example) is  a c t i v e  a t  a given i n s t a n t .  O f  each 
d r ive  u n i t ,  one s tepping motor remains dormant while the  o the r  l i f t s  a 
second order  l e v e r ,  pivoted a t  t h e  contac t  with the  dormant cam, t o  r a i s e  
or lower t h e  raster a r m .  
t h e  cams b u t  without de f l ec t ing  t h e  raster a r m .  
opposing t h e  cams so  t h a t  as one fol lower r i s e s  t h e  o the r  f a l l s ,  g iv ing  a 
zero n e t  d e f l e c t i o n  a t  Y.  
The Y u n i t  cam fo l lowers  a r e  requi red  t o  r i d e  over 
This i s  achieved by 
The cams a r e  provided with s u f f i c i e n t  l i f t  so t h a t  should t h e  first 
motor i n  any p a i r  f a i l  i n  t h e  a c t i v e  range,  then t h e  o the r  s t i l l  has t h e  
c a p a b i l i t y  t o  cover t h e  opera t ing  reg ion .  
contac t  wi th  t h e  cams by sp r ing  fo rce  and t h e  raster arm has a b u i l t - i n  
adjustment c a p a b i l i t y  t o  allow co r rec t ion  of t o l e rance  build-up during 
assembly. 
The fo l lowers  a r e  kept  i n  
P O S I T I O N  SENSING 
Although t h e  mode of  c o n t r o l  i s  s t e p  i n s t r u c t i o n  from t h e  on-board com- 
puter ,  t h r e e  a d d i t i o n a l  systems enable  a check t o  be  maintained on t h e  
memory accuracy. 
diagnosis  of  a system 
Together they provide a considerable  c a p a b i l i t y  f o r  
malfunction i n  o r b i t .  
Shaft  Angle Encoders 
Each o f  t h e  r a s t e r  motors i s  equipped with a 200 pos i t i on / r ev .  absolu te  
encoder. The purpose of these  i s  twofold:- 
( a )  
(b)  
To v e r i f y  t h a t  t h e  motor has i n  fact  moved t o  t h e  loca t ion  
commanded. 
To enable  s e t  up i n  o r b i t .  
The assumption w a s  made t h a t  t h e  pos i t i on  of each cam cannot be  determined 
wi th  any c e r t a i n t y  after t h e  spacec ra f t  is  i n s e r t e d  i n t o  o r b i t .  The poss ib l e  
permutations o f  t h e  fou r  cam p o s i t i o n s  could be  unscrambled from t h e  t r ans -  
ducer and/or alignment sensor ,  given s u f f i c i e n t  r e a l  time access t o  space- 
craft and da ta .  
encoder on each cam has been u t i l i s e d ,  t h e  b e n e f i t s  of  which have been noted 
when s e t t i n g  up even i n  t h e  labora tory  environment. 
The fa r  more r e a l i s t i c  s o l u t i o n  employing a s h a f t  angle  
Pos i t ion  Transducers 
Two s t r a i n  gauge t ransducers  a r e  mounted ac ross  t h e  r a s t e r  platform flex 
p ivo t s .  They a r e  arranged i n  such a manner t h a t  one measures angular  
movement between t h e  instrument and t h e  basepla te  i n  t h e  Y a x i s  only,  and 
the  second d e t e c t s  similar s h i f t s  i n  t h e  Z a x i s .  The output  from each 
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t ransducer  i s  amplif ied and fed  i Q t o  an 8 b i t  Successive Approximation A t o  
D convertor .  The convertor output  i s  i n  Natural  Binary code, and t h e  
system ga in  is  such t h a t  a s i n g l e  s t e p  o f  5 arcsec causes  a change of 1 i n  
the  output  count.  
Solar  Sensor 
The X-ray instrument is  f i t t e d  with a s o l a r  sensor  which can d e t e c t  
limb (edge c-f t h e  s o l a r  d i s c )  c ross ing  t o  an accuracy of  5 arcseconds.  
t h i s  information compared t o  t h e  spacec ra f t  s o l a r  po in t ing  co-ordinates we 
can o f f - s e t  t h e  instrument t o  co-align with t h e  spacecraf t  bores ight .  
With 
LAUNCH LATCH 
The purpose of  t h e  l a t c h i n g  system is t o  ca r ry  t h e  launch loads  and t o  
hold the  raster fo l lowers  clear o f  t h e  cams. This area more than any o the r  
w a s  t h e  s u b j e c t  of  on-going design evolu t ion  during instrument development. 
The o r i g i n a l  p in  r e l e a s e  system proved t o  be  inadequate i n  t h e  l i g h t  o f  in -  
creased instrument mass and s u b s t a n t i a l  f i n i t e  element s t r u c t u r a l  a n a l y s i s  
of t h e  instrument when subjected t o  t h e  NASA environmental t e s t  requi re -  
ments. The system shown i n  f i g u r e  6 was developed and meets t h e  s t r u c t u r a l  
requirements.  
The instrument i s  la tched  onto t h e  basepla te  by four  clamps, each of 
which i s  held closed by a t i t an ium t i e  b a r .  The l a t c h e s  a r e  r e l eased  by 
f i r i n g  a pyrotechnic g u i l l o t i n e  which c u t s  through t h e  b a r .  
arms a r e  sp r ing  loaded so t h a t  when t h e  bar  i s  severed, they move apa r t .  
A s  a back-up a second g u i l l o t i n e  i s  i n s t a l l e d  on each ba r  b u t  t h i s  w i l l  not 
be f i r e d  un le s s  t h e  primary f a i l s .  
The l a t c h  mating sur faces  a r e  coated with a t h i n  f i lm  o f  PTFE t o  re- 
The clamp 
duce t h e  p o s s i b i l i t y  of  binding. 
WIRING --
With l i g h t  fo rces  and p rec i se  pos i t i on ing  of  t h e  system, t h e  need t o  
ca r ry  some 200 w i r e s  a c ros s  t h e  raster i n t e r f a c e  can cause problems with 
harness s t i f f n e s s  and wind up during v ib ra t ion .  
The system evolved i n  f i g u r e  7 has proved most successfu l .  A l l  l a r g e  
bundles were s p l i t  as shown. 
were l e f t  i n t a c t  bu t  t h e  e f f e c t  of  t h e i r  s t i f f n e s s  w a s  minimised by plac-  
ing  t h e  t h i c k e s t  bundles nea res t  t h e  p ivo t .  
laxed i n  t h e  des i red  p o s i t i o n  by hea t ing  t o  Q, 1OOOC. 
t o  t he  base p l a t e  has been shown t o  produce i n s i g n i f i c a n t  loads  and has  
remained cons tan t  throughout environmental t e s t i n g .  
Several  cab les  containing 3 or l e s s  wires  
The whole assembly was r e -  
The f l a t  loop conf igura t ion  a t tached  a t  each end t o  t h e  instrument and 
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TABLE 1 
SYSTEM CHARACTERISTICS 
Mass of  instrument (on r a s t e r  platform) 
Raster p a t t e r n  required 
Allowance f o r  changes i n  spacecraf t  
Designed scan s i z e  (with redundancy) 
Designed scan s i z e  (without redundancy) 
Single  s t e p  s i z e  5 arcsec 
100 kg 
5 x 5 arcmin 
s t r u c t u r e  2 x 2 arcmin 
7 x 7 arcmin 
28 x 28 arcmii 
! 
Accuracy (pos i t ion ing)  
Step rate (maximum) 
1 s t e p  
32 s teps /sec  
1 Peak running power ( a t  32 s t eps / sec  - 
fast r epos i t i on  mode - 2.7 seconds 
max. 1. 6.5 watts 





Flex Pivot  
Transducer 
Raster Motor 
Shaft  Angle Encoder 
Gui l lo t ine  
MANUFACTURER 
Bendix, Utica, N.Y. 
Kistler Morse, Seatt le 
C.  D. C.  , Los Angeles 
Moore Reed, Hungerford, 
U.K. 
Holex, Ho l i s t e r ,  Cal. 
DESCRIPTION 
2.54 c m  d i a  Electron 
beam welded. 
S t r a i n  gauge type 
S ize  15  double ended 200 
s teps / rev .  high de ten t  
200 Step/rev.  absolute ,  
contac t ing  
Spec ia l  vers ion t o  c u t  
t i tanium bar .  
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